48 treated optatus as a subspecies of C. saturatus. The latter approach was generally followed into 49 the 1990s (e.g. Sibley & Monroe, 1990; Howard & Moore, 1991) until Payne (1997) accorded 50 optatus specific status based on differences in song. King (2005) and provided 51 further evidence of their specific status, and this is the approach of the International 52 Ornithological Congress (Gill & Donsker, 2014) , which has adopted Oriental Cuckoo (C. optatus) PrePrints 72 in determining whether they should be treated as one or two species, and in determining the 73 distribution of two taxa for which differences in plumage are very minor and differences in size 74 minor.
75
In this study, we aimed to perform a thorough analysis of the song of C. saturatus and C.
76 optatus in order to shed further light on species limits. We tested whether the taxa can be 77 classified into two groups based on the three features proposed by 
138
As shown in Fig. 2 , the frequency ratios of the first note relative to the second note were 139 higher in Himalayan areas, central China and Beijing/Hebei, and lower in northeastern China, 140 Taiwan, Japan, and Russia, respectively. As shown in Fig. 3 (Fig. 4) . There was a significant correlation between 146 the frequency ratio of the first note relative to the second note and the note number (Kendall 147 correlation coefficient = 0.612, P < 0.001). In contrast, there were no significant correlations of 148 either of these parameters with syllable frequency (Kendall correlation coefficient = 0.079, P = 149 0.317; Kendall correlation coefficient = 0.081, P = 0.360, respectively).
150
Among the aforementioned variables (Fig. 2a, 3a , and 4a), note number showed a clear 151 bimodal distribution with peak values of 2 and 4. Following the differentiation between C.
152 optatus and C. saturatus described by King (2005) , we set note numbers of two or more than two 153 as criteria to divide birds into two groups (n = 42 and n = 41, respectively). The two groups had 154 significantly different song features (MANOVA: Pillai's Trace = 0.934, F 7, 75 = 152.315, P < 155 0.001). For the group with two notes, the first note had a relatively lower frequency and longer 156 duration, the second note had a relatively shorter duration, the duration of the sentence was 157 relatively short, and the frequency ratio of the first note over the second note was relatively small 158 (Table 2) . Discriminant analysis using other song features (except for the number of notes) fully 159 separated the two groups. The two groups could also be clearly separated by conducting 160 principal component analysis with song features other than note number and plotting with the 161 first two principal components (Fig. 5) . In this study, we performed an in-depth investigation of song in C. optatus and C. saturatus 165 in order to determine whether song variations could be used in differentiation. Our data showed 166 that song could convincingly be used to distinguish between the two taxa and that this was 167 related to the distribution of populations. Thus, these data supported the separation of the two 168 species based on song features alone.
169
Cuckoo songs were quantified, and note number was found to have a clear bimodal 170 distribution; thus, we used note number as the criterion for differentiation. Groups divided by 171 this criterion also had significant differences in other song features, and the accuracy of 172 discriminant analysis was as high as 100%. The method used to distinguish between C. saturatus 173 and C. optatus, i.e., using note number, was the same in this study as in a previous study by King 174 (2005) . Also consistent with the study by King (2005) , we found that the song of C. optatus had 175 two notes, while the song of C. saturatus had more than two notes (see sonograms in Fig. 6 ).
176 Because it is quite straightforward to identify the number of notes, this criterion can also be used 177 to distinguish between singing C. saturatus and C. optatus in the field.
178
The frequency ratio of the first note relative to the second note was also a criterion used by 179 and King (2005) . According to data from our study, this feature was positively 180 correlated with note number, and the distributions of the two parameters were generally 181 consistent. Hence, the frequency ratio of the first note relative to the second note can also be 182 used as a criterion to distinguish between the two species. 
